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The notion of complexity — as in "education is a complex system" — has two different meanings. On 
the one hand, there is the epistemic connotation, with "Complex" meaning "difficult to understand, 
hard to control". On the other hand, complex has a technical meaning, referring to systems composed of 
many interacting components, the interactions of which lead to self organization and emergence. For 
agents, participating in a complex system such as education, it is important that they can reduce the 
epistemic complexity of the system, in order to allow them to understand the system, to accomplish their 
goals and to evaluate the residts of their activities. Vie argue that understanding, accomplishing and 
evaluation requires the creation of simplex systems, which are praxis-based forms of representing 
complexity. Agents participating in the complex system may have different kinds of simplex systems 
governing their understanding and praxis. In this article, we focus on three communities of agents in 
education — educators, researchers and policymakers — and discuss characteristic features of their 
simplex systems. In particular, we focus on the simplex system of educational researchers, and we 
discuss interactions — including conflicts or incompatibilities — between their simplex systems and 
those of educators and policymakers. By making some of the underlying features of the educational 
researchers' simplex systems more explicit - including the underlying notion of causality and the use of 
variability as a source of knowledge — we hope to contribute to clarifying some of the hidden conflicts 
between simplex systems of the communities participating in the complex system of education. 

That education 1 is a complex and dynamic phenomenon is something that hardly anyone 
will deny (for excellent discussions from a complexity point of view, see among others Jorg, 
2011; Jorg, Davis & Nickmans, 2007 ; Koopmans, 2014; Goldspink, 2007a, 2007b). Education 
is characterized by a formidable number of properties, aspects and facets that interact in all 


1 In this article, we shall confine ourselves to education in the more formal sense, namely related to the 
process of teaching and learning in school contexts. The general principles discussed in this article also 
apply to education in the broad sense, including education in families and child rearing. 
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sorts of ways in order to facilitate - or hamper - the teaching-learning process. In this article, 
we aim to present a general perspective on the complexity of the educational process 
inspired by about 25 years of work in dynamic systems of development (Van Geert, 1991, 
1994) and work on the complex dynamics of education (e.g., Steenbeek, Jansen, & van Geert, 
2012; Steenbeek & Van Geert, 2013). We start with describing the concept 'complexity' by 
focusing on the distinction between epistemic complexity and system complexity. We 
introduce and describe the notion of a simplex system in order to describe how participants in 
an epistemically complex system such as education is, manage to understand the system and 
accomplish important things from their own perspective. We define such a simplex system 
as a connected whole of beliefs, representations, values, emotions, habits, practices and material tools 
that serves as a simplifying representation of the overarching complex system in which a person 
participates and that organizes the participants' actions. We claim that such simplex systems are 
characterized by system complexity which has implications for attempts to change them, 
e.g., by means of teacher professionalization, school reform, the improvement of students' 
work habits etc. 

We will argue that 'agency', 'understanding' and 'accomplishing' are important and 
dynamic notions for those who participate in education, and we will use agent-based 
theorizing and modeling to underpin this argument. We will focus on the community of 
educational researchers as specific agents in the complex system of education, in relation to 
the communities of educators and educational policy makers (thus leaving aside the 
communities of those who are being educated, such as children or students 2 ). We then 
proceed with a discussion on how researchers try to accomplish their particular scientific 
concerns and goals by focusing on information about two types of variability in educational 
data, namely intra- and inter-individual variability, and on how the researcher's choice for 
one type of variability as a basic source of knowledge about the educational system has 
consequences for the kind of results the research produces. We shall focus on potential 
tensions between the communities in education and on the role that simplex systems play in 
the activities that are typical of each community (e.g. teaching, doing researcher, making 
policy decisions). 


Two meanings for the concept of complexity 

The concept of complexity is not unanimously defined, but two different kinds of meaning 
stand out in the informal, scientific and policy discourse regarding complexity, and this is 
also clearly so in the field of education. 

Complexity meaning "hard to understand, difficult to manage...” 

One possible meaning of complexity is "hard to understand", "complicated', 'intricate', 
which actually implies "hard to simplify". That is, if we have some sort of phenomenon or 
problem that is characterized by a myriad of properties, each of which is about as important 
as any other, we typically have a complex phenomenon or problem. The basic question for 
anyone involved in this particular phenomenon or problem, is always how to make this form 


2 The distinction between educators and those being educated is somewhat artificial, and the two 
aspects are often intertwined. Teachers for instance are educators, but as they are in the process of life¬ 
long learning, they are also being educated, finding themselves in the school benches, sitting opposite 
to an instructor. 
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of complexity tractable and understandable. Given the limits of human cognitive 
understanding, this is a question that always amounts to the question of how complexity can 
be simplified. 

Education is complex in the sense that it involves many different organizational levels: it 
starts with the interaction between a (group of) child(-ren) (or student(s)) and a teacher, and 
it goes all the way up to the level of political policymaking about education and the level of 
the economic organization that is necessary to allow a country to organize its educational 
system efficiently and effectively (this form of nested complexity is explicitly described in 
models such as that of Bronfenbrenner and Morris, 2006, for instance). 

It involves processes on the short-term timescale, for instance teacher-student 
interactions in the class and processes on the long-term timescale of historical changes in 
scholarly education. It involves millions of people being involved in educational activities. It 
is related to what people actually do if they are educating or being educated, to the spaces 
they organize for that purpose, and the material artifacts they produce to make education 
physically possible. For this extremely complex whole to be cognitively and physically 
manageable by its participants - such as educators, researchers or policymakers - those 
participants will need to simplify it. That is to say, they will need to create "simplexity", in 
the form of a simplex structure that allows them to understand the complex reality they 
participate in, to specify particular goals and concerns, and to accomplish things in 
accordance with those goals and concerns (also recall the definition given on the first page of 
the article). We shall see that these simplex structures differ between the communities of 
participants in education. 

This particular notion of complexity, meaning "hard to understand, difficult to 
manage...", is what we shall call epistemic complexity. The idea of epistemic complexity is 
about as old as mankind itself, and lies at the roots of science, which is humankind's way of 
turning complexity into "simplicity". Instead of "simplicity", we opt for the term simplexity, 
which we define as 'the structure of connections between all sorts of simplifications that 
allow us to comprehend (which literally means "to grasp as a whole") what is basically 
epistemically complex' (Berthoz, 2012; Kluger, 2008). This simplexity covers various sorts of 
aspects, relating to 'knowing' things, 'evaluating' things and 'doing' things. That is, it might 
take the form of a whole of ideas, representations and cognitions about education, thus 
relating to what we call "knowledge". In the case of educational science, this aspect might 
cover the theories about learning, engagement and motivation. Second, it covers aspects of 
values, interests and concerns, thus relating to "evaluation". Finally, it may take the form of 
a set of practices, ways of doing, setting goals and accomplishing things, for instance the 
educational and pedagogical practices of teachers, school boards or governments. In reality, 
the simplex structure will consist of an intertwining of all these aspects, leading to what 
might be loosely called a praxis. We shall define praxis as a relatively coherent whole of 
practices, activities representations, justifications, evaluations, etc. that characterize a 
particular community of practitioners. 

Complexity meaning ",a complex dynamic system and its associated properties " 

Another meaning of complexity, which is historically speaking relatively new, is one that 
refers to something that consists of many components that interact with one another, and 
that, because of these interactions, spontaneously produce new properties that cannot be 
reduced to a sum of the properties or behaviors of its components (e.g., Davis & Sumara, 
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2006; Guastello & Gregson, 2011; Van Geert, 2008;). This notion of complexity is closely 
associated with the notions of dynamics and of systems, the system being defined as a set of 
components being related to one another, and dynamics being defined as the way in which 
one state of a system changes into another state over the course of time (Weisstein, 1999), 
This notion of complexity is associated with the notions of self-organization and emergence. 
Self-organization implies that the interactions between the components of the system lead to 
self-sustaining structures or patterns. Emergence implies that in a complex system the 
interactions between the components spontaneously produce new phenomena. For instance, 
the activities of asking questions and obtaining answers that take place among a teacher and 
students bring about consensual frames (Fogel, 1991), i.e., patterns of interactions that we call 
"a lesson", "a discussion", "a demonstration" and so forth. A particular way of reacting to 
one another may lead to a self-sustaining pattern in which a teacher is almost always taking 
the lead and the students are almost always following (for a discussion in the context of 
special education, see Steenbeek, Jansen & Van Geert, 2012; Steenbeek & Van Geert, 2013). In 
this sense, complexity refers to everything that can be considered a complex dynamic 
system, consisting of interacting components, producing and maintaining emergent 
properties. 

Interestingly enough, this second perspective on complexity has important connections 
with epistemic complexity, and, more particularly, with the notion of simplexity. First, this 
dynamic system oriented perspective on complexity provides an important tool to arrive at 
simplexity, that is, to arrive at a coherent and dynamic understanding of what is 
epistemically complex. For instance, it provides a model or theory of the process of 
education, but also leads to a different kind of practice (for an application in the context of 
developmental psychopathology, see Mascolo, Fischer, Van Geert & Steenbeek, to appear). 
Second, it provides a model of simplexity, i.e., of simplex systems, e.g. those of educators, 
educational researchers and policy makers. Such systems consist of components 
(representations, narratives, values, practices, tools, etc.), that are dynamically connected to 
one another. These dynamic connections lead to self-organization and emergence of such 
simplex systems, such as scientific theories of education, or policy models such as the 
accountability model (Goldspink, 2007a, 2007b). 

Simplex systems for understanding, evaluating and accomplishing 

Simplex systems and the property of control 

Simplex systems are ways of getting or having control (in the general sense of that term), 
either the cognitive control of understanding, the emotional control of assigning values to 
things and phenomena, or the control of manipulating and dealing with practical things (the 
term control is used in the somewhat lose meaning of having things made manageable, 
understandable, etc.). 

Being scientists, educational scientists in this particular case, our primary aim is to 
explain the world as we observe it. For instance, as educational scientists we might be 
interested in explaining the achievement gap between students from different socioeconomic 
statuses, or in explaining why some educational practices provide better results than other. 
However, in the context of education, scientific explanation is related to a more important 
notion, the general notion of control, which is cognitive, emotional as well as material. To 
have control over things means that we can understand those things (i.e., that we have the 
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feeling that we understand them, which says nothing about the truth of such 
understanding), that we can assign particular values to such things (e.g., determine what we 
find crucial, important, not important...) and that we can act to change those things in ways 
that comply with our interests, goals or concerns. In line with the aspects covered in simplex 
systems, we shall define control as something that can be achieved through understanding, 
evaluation (value assignment) and finally accomplishing, or accomplishment. Take for instance 
an educator such as a primary school teacher, and the control she has. What this teacher 
wants to accomplish is to act in such ways that her students indeed learn the things that she 
intends to teach. The teacher wants to understand what happens with her students, in 
relation to what he or she is doing. This understanding will probably take the form of a 
narrative, or narratives, ranging from written reports about problem students to 
explanations given to a student's parents during a teacher-parent meeting. These narratives 
will reflect a universe of values, norms and preferences, e.g. as to differences in "talent", 
"excellence", etc. The teacher wants the educational process to occur in an effective way, 
with assets that are emotionally, cognitively and motivationally satisfying 3 . For the teacher, 
the primary perspective is that of practical accomplishment, ranging from the short-term 
control needed within the confinements of a particular lesson to the accomplishment of long¬ 
term successes regarding the students' and the teacher's scholarly and professional careers. 
However, it is a practical accomplishment that is evaluated against a range of representations 
and values, e.g., the teacher's ideas about what constitutes good education, what to expect 
from boys and girls, and how students should behave in class. These representations and 
values are to a great extent implicit and situated, that is to say, co-determined by the actual 
context in which they function. 

The notions of understanding, value assignment and accomplishment - which represent 
various forms of control in the general sense - directly relate to the concept of agency, and so 
to the dynamics of agent systems, which form, among others the subject of agent modeling, 
aimed at explaining the complexity of agent systems. 

Simplex systems and the property of agency 

The second connection to complexity goes via agency. The notion of agency forms a 
foundational concept for all theories of human behavior and action (see Steenbeek & Van 
Geert, 2009, in the context of children's play, and Steenbeek & Van Geert, 2013 in the general 
context of education; the agent model discussed in this section is based on these articles). An 
agent — such as a student, a teacher, a parent, a policy maker — specifically acts with the 
aim to realize his concerns, interests or goals. These concerns range from something so basic 
as the agent's physiological needs to the agent's specific representation of his psychosocial 
and educational goals, such as his goal to teach children how to read, or his goal to educate 
responsive citizens. Agents constantly evaluate the extent to which their actions realize their 
concerns or accomplish their goals, in a process called appraisal, and their actions are 
basically driven by the ever-changing distance between their concerns or goals and the way 
these are realized here-and-now. In the educational system, the realization of major concerns 
or the accomplishment of major goals of the relevant agents is critically dependent on the 
actions of other agents, such as the students, the parents or the school administration. For 
instance, if the teacher has the intention to teach his students to read, the accomplishment of 


3 Let us not forget financial satisfaction: a teacher wants to make a decent living from the difficult job 
he or she is doing, and salary can be a tool in the hands of a policy maker for instance. 
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that goal depends on the changes in the reading activity of the students. If regional 
policymakers want to change the educational practices of the primary schools under their 
jurisdiction, the accomplishment of that goal depends on the way in which the schools and 
teachers incorporate the new practices and the resulting allegiance with respect to those new 
practices. To realize their concerns or accomplish their goals, agents, such as teachers, use 
various kinds of tools, such as pedagogical skills or digital school boards. They use those 
tools with a certain degree of competence, which is directly expressed in the ease with which 
they manage to achieve their concerns or goals. Since the realization of concerns or goals 
depends on changes in other agents, such as students, agents such as teachers must have a 
particular and variable amount of social power over those other agents, which allows them to 
reach their concerns and goals more or less efficiently. Agents depend on one another for the 
accomplishment of their goals, the improvement of their tools and competences, and the 
consolidation of their power, and by doing so constitute dynamical and complex agent 
systems, self-organizing into typical patterns of educational understanding, evaluation and 
accomplishment (Steenbeek & Van Geert, 2013). These patterns are systems of co-dependent 
properties, and attempting to change one property is very likely to have an effect on other 
properties and on the attempt to change (Frenken, 2006). Examples of such attempts are an 
educator's attempt to change the study habits of a student, or a student's attempt to make the 
teacher explain how a particular task should be accomplished, or a policy maker's attempt to 
change particular educational activities of teachers. These examples introduce the theme of 
the next section, which is that of communities of agents in education. 

Educational simplex system as a complex dynamic system in itself 

Simplex systems, used by various sorts of practitioners in education, are complex dynamic 
systems in themselves. That is to say, the components of simplex systems, such as beliefs, 
pedagogical content knowledge, and pedagogical and didactic practices interact with one 
another, and through these interactions self-organize into systems of dynamic as well as self- 
sustaining ideas, practices, evaluations, motivations and so forth. That is, these simplex 
systems themselves behave as embedded complex systems, in the sense of sets of interacting 
components leading to self-organization and emergence. They are embedded in the complex 
system that they intend to simplify for the various participants in the system, such as 
educators, educational scientists and policy makers. The nature of the components and the 
way these components and interactions are organized will be different for different groups of 
participants in the complex educational system. That is to say, the self-organizing structure 
of practices, evaluations and representations of a teacher will differ in characteristic ways 
from the self-organizing structure of practices, evaluations and representations of an 
educational scientist, or those of an educational policy maker. However, since all these 
parties are involved in the complex system of education, they are connected to one another 
in a variety of ways. In fact, they constitute the components whose interactions lead to the 
self-organizational and emergent properties of the educational system as a whole. 

Communities of agents in education 

For the current discussion, it is important to distinguish various kinds of communities, the 
interactions of which constitute the complex systems of education that are typical of modern, 
post-industrial societies. The major community in the educational system is formed by the 
agents who are educated, i.e., the children or the students. However, we shall confine 
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ourselves to the communities of agents who educate, either directly via teaching or indirectly 
via educational policymaking and scientific educational research. 

We shall start close to (our) home, and begin with the community of the scientific 
researchers. Their goal is to find scientific explanations for the phenomena they find typical 
of education as a natural and cultural kind. They will want to present such explanations in 
the form of coherent theories, and to base such explanations on shared practices of 
formulating questions, doing research, and communicating the results to their peers in the 
form of scientific articles. Since theirs is to a great extent an applied science, they will want to 
apply their scientific findings and insights to make education more effective, to help 
educators assess the effectiveness of what they are doing and so forth (note that the chosen 
terminology of effectiveness is not meant to be universal; rather, it is a reflection of major but 
not unique perspectives on what needs to be accomplished by the educational research 
community). The "fundamental" as well as "applied" intentions will be governed by the 
simplex structure of representations and practices that is typical of their community and that 
helps them to achieve understanding and accomplishment in the complex system of 
education. 

Secondly, there is the community of political (national, federal, regional...) policy 
makers, driven by the goal to make a nation's or a region's or a city's formal educational 
system successful from the point of view of political goals and values, and national and 
international comparisons of school performance, based on a characteristic range of 
standardized assessments, and of economic productivity in the form of the production of 
generations of professionals capable of contributing to the nation's gross national product. 

Finally, there is the community without which the first and second community would 
have no right of existence, namely the community of educators, which, for the sake of the 
present discussion, we have confined to the community of professional educators, i.e., 
teachers in schools. Their goal is to accomplish the education of concrete individual children 
and students, and the growth of their competences and skills, on the short-term timescale of 
real teaching and interaction in classes and on the long-term timescale of guiding students 
through a particular school career. They will do so in light of what they perceive as moral, 
religious and educational standards, the requirements of a particular curriculum or the 
formal educational goals of a particular region, nation, religion or political system 4 . 

The communities are characterized by the particular simplex systems they use, 
consisting of specific goals, interests and concerns, and by the specific practices and tools 
by which they try to reach these goals. They have their characteristic lines and methods of 
communicating their activities, views and perceived results to their peers within their 
community, and to members of other communities. The components of the simplex systems 
are interrelated in particular ways, thus creating their own characteristic dynamic systems' 
complexity, providing particular affordances but also setting particular constraints on 
processes of innovation (Frenken, 2006). Simplex systems used by the agents in a particular 
community share a certain number of properties (e.g. the use of statistical associations as 
operationalizations of relationships between variables by educational scientists), and these 


4 Note the interesting distinction between the perspective on individuals versus groups 
between educators on the one hand, and policy makers - and in most cases also educational 
scientists - on the other hand. We shall discuss this issue further. 
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common properties in fact define them as members of that community. However, among the 
members of a particular community, there nevertheless exists a considerable variability in 
the beliefs and practices in what and how they wish to understand and accomplish and so 
forth. This variability creates its own dynamics within particular communities, the 
discussion of which goes beyond the scope of the current article. 

Scientific researchers' simplex systems and the relation with simplex systems 

of other communities in education 

Scientific researchers rely on particular practices of asking and formulating educational 
questions, on the definition of what counts as relevant data, on shared methods for data 
collection and processing, and on highly formalized ways of communicating the results of 
scientific research to their peers. For instance, a considerable majority of educational 
scientists will be interested in "explaining the variance" in a particular educational variable, 
such as school performance or success, in the form of a statistical association with another 
variable, the often denote by notions such as "dependent variables". This might be a variable 
they cannot literally control, such as socioeconomic status of the students, or it might be a 
variable they perceive as controllable, such as a particular type of pedagogical praxis or a 
particular curriculum they wish to introduce as an intervention, the effect of which they 
intend to study. The point is not whether or not this way of formulating the questions that 
are relevant for education is "the right one", or "the scientifically correct one." What we wish 
to illustrate here is that this way of articulating the questions is rather typical of a 
considerable majority of educational scientists (probably with a minority of educational 
scientists actually criticizing this particular practice, for instance many readers interested in 
the articles appearing in the journal Complicity). 

As educational researchers are usually very well aware of the necessity to communicate 
with the communities of educators and the communities of policy makers, they try to 
establish particular lines of collaboration and communication with those other communities. 
A way to establish the link with the level of political policymaking is by applying for 
research money, which in many countries is now increasingly linked with and (indirectly) 
determined by political agendas and the goals of policy makers 5 . This kind of relationship 
between the community of educational scientists and the community of policy makers is no 
doubt a very subtle one, and most likely of a rather complex reciprocal nature. Political 
agendas and policy goals are often based on conceptualizations and models - that is, of 
particular simplex structures — that have originated in the community of the scientific 
researchers, and that, through several transformations, have found their way to the simplex 
structures characteristic of the policy makers. For instance, the current political wish to 
improve education for the excellent students, which is high on the political agenda in many 
post-industrialized nations, is often based on psychological and statistical theories of 
excellence that typically originate from the behavioral sciences. The views that politicians 
hold about excellence need not be the most scientifically advanced ones, and may reflect 
scientific mainstream ideas or even seriously lag behind modern scientific developments. For 
instance, in our opinion, the view of the political policy makers in the Netherlands on 


5 The first author, who has been involved in developmental and educational research for a little more 
than four decades by now, has the strong belief that political agendas on educational research become 
more prominent as the research finances become less affluent. 


29 



Dynamic Interplay Between Educational Practice, Policy and Research 


excellence is rather outdated, intelligence-oriented and based on a simplistic statistical model 
of the distribution of excellence. Nevertheless, it is part of a political simplex system that 
typically originates from the thinking of the behavioral and educational sciences (maybe of a 
couple of decades ago). 

As to the teachers, they might have an idea about psychological tests as absolutely 
reliable objective indicators of the true abilities of a particular child, an idea that originates in 
the work of behavioral and educational scientists designing tests, but that not necessarily 
complies with recent scientific insights in intra-individual variability in performance, for 
instance (Van Dijk & Van Geert,to appear; Van Geert & Van Dijk, 2002). Some teachers 
however might have a view on tests that is more similar to that of scientists who are aware of 
the intrinsic intra-individual variability of all performance. It is likely that their ideas are not 
inspired by what they know about scientific research on human abilities, since such research 
typically tends to emphasize the idea of "true scores". In that sense, teachers doubting the 
validity of standardized testing and educational assessment are likely to be set aside as being 
scientifically naive. However, our research shows that their position may be less naive than 
that of teachers or educational scientists for that matter, who believe in tests as measures of 
children's true scores on identifiable underlying abilities (Steenbeek & Van Geert, 
forthcoming). 

In practice, the communication between the communities involved in education often 
suffers from serious delays and misunderstanding of the respective goals and means to 
achieve them. That is to say, a scientific researcher of education must operate in a complex 
and dynamic structure of goals, practices, tools, incentives, institutions, political programs 
and material structures divided across various sorts of communities. Being distributed across 
those communities, the simplex systems used may sometimes conflict with one another, e.g., 
as regards particular goals or incentives. However, one thing that really stands out from all 
this complexity is that educational science, now and in the past, has played a crucial role in 
helping define the properties of the simplex systems that determines the praxis in the 
communities of educators and policymakers, as we have seen in the examples given above. 
Educational and behavioral scientists have to a considerable extent determined the 
dimensions defining the goals of education, ranging from "variables" such as intelligence to 
language proficiency, from conceptualizations of what counts as good reading and writing 
and students' understanding of science and math, from the important functions of working 
memory and executive functions to the notion of self-regulation, and many other variables 
that are now at the heart of many political and applied agendas for education. Educational 
and behavioral scientists have also to a very considerable extent determined the way in 
which these abilities and proficiencies should be assessed and measured, and by doing so 
have thus played a considerable role in defining what these abilities and proficiencies are. 
Educational and behavioral research has led to defining important educational goals as 
abilities that can be measured by means of standardized tests administered to individual 
children, focusing on subjects such as reading and writing and math. A test is in fact a highly 
specific, standardized, individual way of observing a set of isolated pieces of performance 
(the test items) under time pressure. That is to say, the way governments tend to assess the 
school performance of students is to a very high extent determined by the typical practices of 
a century of behavioral and educational research. It is even so that the way these abilities are 
tested has a direct effect on the way these abilities are taught. For instance, in countries that 
employ nationwide tests, to measure the school performance of children, such as the 
Netherlands, there exists a tendency to accommodate the teaching of knowledge and abilities 
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in such a way that it matches the way in which this knowledge and abilities is measured 
(Koretz, 2008). The reason for this adaptation is that the results of these tests can have 
important consequences for the way schools are officially evaluated or even financed. 


Tensions within communities and the effect on the relation with other 

communities 


The impact of innovations 

Educational practitioners are, among others, driven by the concern to reconcile their 
professional duties - including the requirement of ongoing, lifelong professionalization - 
with their personal lives, creating potential tensions between professional requirements 
regarding time and effort investment on the one hand and the requirements of time and 
effort investment in their personal life spheres (there exist of course very similar concerns in 
the communities of educational researchers and policymakers). 

A typical example of a potential tension between the simplex systems of researchers and 
those of educational practitioners is that of an educational researcher who has found that a 
particular pedagogical intervention, to be carried out by a teacher, is more effective than 
"care-as-usual". Such a finding is almost always based on statistical significances of 
differences in the average performance of a "treated" versus "untreated" group, which is 
very often a matter of differences expressed in decimal standard deviations (for instance the 
classical Cohen's d-measure). An educational policymaker, having learned about these 
results, may then impose this "evidence-based" practice on the schools under his or her 
governance, confronting the teachers to actually change the daily practices they are used to. 
This change will involve efforts, which may come above the daily efforts and chores the 
teacher is confronted with, sometimes leading to a considerable additional workload, that 
the teacher does not necessarily sees translated into major progress in his students (a 
statistically significant improvement of 0.25 standard deviation is not the same thing as an 
improvement that is clearly observable for teachers functioning in the here-and-now of their 
daily practice). 

Let us go back to our example of a scientific finding that a particular pedagogical 
practice, e.g., one relating to praise or correct particular actions of students, is more effective 
than the way students are habitually praised or corrected (always given a particular criterion 
of "effectiveness"). This practice is but one component in the structure of practices, beliefs 
etc. that constitutes a teacher's simplex system. The point is that, like in all innovations, 
changing one component of a particular simplex system such as an educational praxis, has 
effects on other components, and tends to spread through this simplex system in various, 
often unpredicted ways. For instance, if an innovation involves changing a particular form of 
pedagogical practice by another, the change might spread towards other aspects of the 
educators' praxis and simplex system (see for instance Goldspink, 2007a, 2007b, for 
examples). 

If innovation would indeed amount to the simple replacement of a particular component 
by another one, leading to immediate effects clearly observable for the educational 
practitioner - e.g., replacing one pedagogical/didactic practice by another - efforts required 
for such innovations could be relatively simply predicted and accounted for. However, as 
educational praxis forms a system of interconnected components, educational innovations 
may create unexpected tensions between goals, tools, evaluations, practices and required 
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efforts. Such tensions, which are hard to understand from a linear, component -oriented 
approach on educational effectiveness, might also have an effect on social and emotional 
relationships with colleagues and superiors. In summary, there exists a tension between the 
researcher's view on a component of a pedagogical praxis that a researcher can treat as a 
variable that can be isolated from other aspects of the praxis, and the educator's simplex 
system of practices, beliefs, values, tools and so forth that tends to form a dynamic whole, in 
which changes in one component tend to affect changes in others. 

Let us now look at the same phenomenon — a particular intervention such as a 
professionalization courses or the introduction of a new curriculum — from the point of 
view of the educational practitioner, the teacher, and in particular from the point of view of 
the activities of control, achievement and associated representations of causality that the 
teacher will experience. For the teacher, the intervention is a complex process unfolding over 
the course of many weeks, or longer. The teacher may feel uncertain in the beginning, 
resulting in an increase of helplessness, or the feeling of conflicts between the new 
requirements and the old, functional habits of teaching. The teacher may develop an 
emotional resistance to the new activities prescribed by the educational intervention, and 
undergo a process of splitting his or her pedagogical practices, one line of practice intended 
for those who want him or her to act according to the intervention scheme, and one line of 
practice for the teacher himself, following the practices that have been shown to be doable 
and sufficiently rewarding under the daily context. This would be an example of a scenario 
in which the intervention events are incorporated in a process that is basically a negative 
spiral. 

However, as the process of the intervention events is embedded in a complex system 5 of 
interacting components, values, actions, representations and so forth, it might also lead to a 
positive scenario: The teacher might use the intervention as an opportunity to change his or 
her pedagogical practice in ways that he or she finds much more appropriate, or a better 
match of his or her professional identity. That is to say, on the level of the actual processes, 
the teacher "undergoing" the intervention is in fact immersed in a complex, iterative process 
of reciprocal and sometimes highly unexpected influences and interactions, leading to 
changes that are stable or not, or results that are in accordance or not in accordance with the 
intentions of the intervention. What the teacher is experiencing is a process that has a 
particular duration, consists of iterative steps (e.g. a sequence of meetings with a coach, in 
the context of an intervention study) and that is in fact highly variable over time (Wetzels, 
Steenbeek & Van Geert, submitted). That is, for the participating teacher, the process is 
anything but a simple cause-effect sequence, in contrast with the researcher's representation 
of that process in the form of a pretest-intervention posttest sequence, assuming some sort of 
direct causal influence. 

What we see here is a typical incompatibility or conflict of causal models, or causal 
simplexes. The simplex structure that the researcher imposes on the process of the 
intervention can be very much at odds with the simplex structure that the educational 
practitioner experiences and imposes on the process in which he or she is embedded. 


6 We are referring to the real complex system of education in which the simplex systems and activities 
of the communities are embedded; as stated earlier, the simplex systems used by these communities 
are simplifications of the real complex systems, governing the participants' representations, values 
and accomplishments. 
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Intra- and inter-individual differences as sources of variability 

The incompatibility between simplex systems of researchers and practitioners, introduced in 
the preceding section, is at least partly based on the way these simplex structures emerge. 
Recall that, epistemic complexity requires the construction of some sort of simplex structure 
that allows an agent to act in epistemically complex systems, such as education. For the 
educational researcher, reduction towards more simplicity can be acquired by looking at 
covariation or coherence: if a property co-varies with another property, which covaries with 
yet another one, those properties can be reduced to a single underlying property, which in 
the jargon, is often called a latent variable. In the sciences of education, as in the behavioral 
sciences in general, there are two very important sources of variation, i.e., very important 
sources of differences. 

One source concerns the differences between people, the other source concerns 
differences within people. Which source is actually used has far-reaching consequences for 
the nature of understanding, evaluation and accomplishment in education, and may lead to 
various sorts of (subtle) misunderstanding between the communities in the educational 
system. Differences between people can be studied by comparing individuals, collected in 
the form of big representative samples of individual cases, on a particular variable of 
interest, for instance the time-on-task 10-year-olds devote to math assignments. Differences 
within people can be studied by following individuals over time, for instance by frequently 
observing the frequency of interactions that a particular child as with the teacher while 
solving his or her math assignment over an entire school year or more, or by observing 
changes in the levels of scientific reasoning during a single science activity with a young 
child (Steenbeek, Jansen & Van Geert, 2012; van der Steen, Steenbeek, van Dijk & van Geert, 
2014). Collecting information about intra-individual (co-)variability is labor-intensive both 
for the researcher and the respondent, and it concerns only a single individual or just a few 
individuals, resulting in samples with dubious representativeness. Hence, it seems highly 
appropriate to choose for the inter-individual source of (co-)variation, as the major source of 
information. However, this reasoning is based on the tacit assumption that the nature of the 
causes governing (co-)variation as it occurs between individuals is the same as the nature of 
the causes governing (co-)variation occurring within individuals, i.e. variation and 
covariation over time. In the behavioral and educational sciences, this assumption is mostly 
incorrect (Molenaar & Campbell, 2009; Hamaker, 2011; the assumption is called the ergodicity 
assumption). 

The great majority of models based on inter-individual variation describe associations 
between variables distributed across individuals in the form of correlations, or other forms of 
regressions, and properties are mostly defined by the additive effects of a great many of 
independent variables. However, educational processes take place in the form of continuous 
interactions between various kinds of components. For instance, the effect of an instruction is 
far from independent on the level and nature of what the instruction intends to change, such 
as a particular child's understanding of a math strategy or subtraction skill. The contents of 
instruction are strongly determined on the basis of what the recipients of that instruction - 
students for instance - already know or master (Van Geert & Steenbeek, 2005). More 
precisely, instruction itself is a highly adaptive process, and its contents and forms change in 
relation with in the effects the instruction has on the actual "recipients" such as students 
receiving a particular instruction see for instance the research on the dynamics of child 
directed speech, in which the speech patterns of the mother dynamically adapt to the 
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linguistic progress made by the child; Van Dijk et al., 2013). That is, whereas the models 
based on inter-individual variability suggest independent, additive causes, which can be 
mathematically expressed in the form of simple additions, the model of intra-individual 
variability suggests dependent, interactive and reciprocal causes, which can be 
mathematically expressed in the form of dynamic systems, that is, of coupled, iterative 
equations expressing multiplicative relationships 7 . 

In summary, the pattern of inter-individual variability, for instance in data sets 
representing the association between working memory and math performance in school is 
quite different from the pattern of intra-individual variability. Within individuals, 
fluctuations typically show asymmetrical distributions, local peaks and changes in the 
variability and so forth (Van Geert & Van Dijk, 2002; Van Dijk & Van Geert, 2007; Bassano & 
Van Geert, 2007; see Kello et al, 2010 for a general discussion, Wijnants et ah, 2012 in the 
context of dyslexia and reading, den Hartigh et ah, 2014 with regard to sports performance, 
de Ruiter-Wilcox, Cox, Kunnen & van Geert, submitted, in the context of adolescent-parent 
discussions). 

The reason why intra- and inter-individual variability are in fact very different, is that 
intra-individual variability results from the working of complex dynamic systems - such as 
an individual person in interaction with a particular educational environment - whereas 
inter-individual variability typically results from statistically constructed, simple additive 
systems. 

How does this issue of intra-versus inter-individual variability apply to the different 
communities we introduced earlier? In fact, it will be easy to see that on the level of 
policymaking, especially on high levels of effect aggregation such as national education 
programs, it is primarily inter-individual variability that matters. For the policy maker, the 
intricacies of the idiosyncratic teacher-student interactions and processes are not particularly 
relevant. What matters is whether on the level of populations, the odds are in favor or not of 
a particular educational intervention, which is a matter of differences in averages. Think for 
instance about the average difference in bullying events between groups that have followed 
a particular educational intervention program to reduce bullying in comparison with groups 
who have received care-as-usual. 

However, for the community of educators, the major problem is that of the control of 
real-time processes of interaction with their students, taking place in the form of iterative and 
reciprocal influences. What the educational practitioner primarily uses is a simplex system 
that helps him understand change in real-time (short-term timescale) and on the long-term 
timescale, and of the control of such change (how students are reacting in the class, how they 
progress over the year with ups and downs, etc.). For the educational practitioner, the inter¬ 
individual differences that emerge are the result of individual, iterative processes, that is to 
say processes repeated and re-enacted day after day, month after month, showing 
considerable fluctuations in the variability. The main point here is that, in order to guide the 
processes of understanding and accomplishment, the educational practitioner needs models 
grounded in information about the intra-individual variability that is typical of his 
profession, namely the variability and fluctuations that take place within lessons and across 
lessons (Steenbeek, Jansen & Van Geert, 2012). However, the educational research literature 


7 Dynamic models, based on intra-individual variability, measured with sufficient frequency and 
across a sufficient number of subjects, might predict patterns of inter-individual variability, but not 
the other way around (Steenbeek & van Geert, 2007). 
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abounds with pseudo-process models, that is, models of change across time based on 
information about inter-individual variability. This would be no problem if the information 
from sources of inter- and intra-individual variability were basically similar, but there is no 
reason to believe that is indeed so. In summary, to help educational practitioners understand 
and control educational processes, research should focus much more on individual, real-time 
trajectories. 

The standard model of causality and control 

For an educational researcher, doing research often implies getting directly involved in the 
praxis of the community of professional practitioners in education, including the 
practitioners' concerns, evaluations and emotions. For instance, a researcher may want to 
investigate the effectiveness of a particular intervention, namely a professionalization or 
coaching program for teachers (Wetzels, Steenbeek & Van Geert, submitted). This means that 
the researcher actively interferes in a specific professional practice, in concrete contexts and 
with concrete people, who experience the research as just one small part of the complex 
professional praxis they seek to manage. For them, the research is just one of the many 
elements of daily professional life they must seek to control and bring in accordance with 
their personal and professional concerns, evaluations and tools. That is to say, their concern 
is primarily one of educational achievement, which primarily involves the control of the 
short- and long-term scholarly behavior of their students. For the researcher, the primary 
concern is one of finding a preferably positive effect of the intervention, that is, of statistically 
controlling the researcher's variable of choice, such as a particular form of school 
performance, by a particular form of intervention, e.g. one that regards teacher 
professionalization. 

The notion of achievement implies the notion of causality: it implies that the actions that 
we perform with the intention to achieve something actually cause that thing to change in 
accordance with our intentions or goals (for an excellent discussion in the context of 
education, see Koopmans, 2014). For an educational practitioner, causality is basically the 
directly observable effect of the practitioner's educational activities on activities and 
performance criteria in the students, including a host of other criteria such as the social and 
emotional climate in the class. For the researcher, the notion of achievement via a particular 
evidence-based intervention, the effectiveness of which is investigated by this researcher, 
implies a specific view of causality, in which the intervention can be treated as an isolated 
causal factor, the causal effect of which is entirely due to the factor itself (i.e., the intervention 
given). The researcher is most likely aware of a variety of factors that also affect the observed 
result of this causal factor, but the researcher is likely to treat these factors as basically 
"uncontrolled variables", that is, as random variation that can be reduced to the statistical 
problem of parceling out the statistical sources of the variance. 

From an explanatory point of view, for the researcher, the problem of achievement is 
likely to be transformed into a particular problem of control of variables. For instance, how 
can the researcher "control" for the influence of gender (male versus female teachers, male 
versus female students)), socioeconomic status, school culture and so forth? If the researcher 
follows the standard practice of research, all these variables are likely to be conceived of as 
statistically controllable variables. Control is exerted by composing a sufficiently large sample 
of individual cases (individual teachers in their schools), which allows the researcher to 
reduce the problem to a problem of explained variance. The variance will be defined by 
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differences between the cases in the sample, i.e., between the individual teachers or 
individual schools. "Explain" will be defined by covariation, that is to say, by the degree to 
which differences between individuals in the sample with regard to a particular variable of 
interest - for instance using a particular pedagogical approach, achieving a particular 
learning result in the students - co-vary with differences in a variable that the researcher 
believes he or she is controlling. For instance, the researcher sees him- or herself as 
controlling a particular professionalization intervention, the causal effect of which this 
researcher is investigating. What researchers wish to find is a statistically significant 
association - that is to say an association that is unlikely to be due to chance - between the 
dependent variable, and an independent one that is believed to be under their control 
(effective control as in the case of an intervention, or statistical control as in the case of an 
independent variable they wish to associate with a dependent one such as school results). 

For educational researchers, this association not only counts as proof of causality, but 
also as a model of the causal effect of the manipulated variable onto the dependent one. That 
is to say, the effect which took the form of differences between group averages is likely to be 
seen as an intrinsic property of the manipulated variable. For instance, if the manipulated 
variable is a particular intervention (with a control group receiving care-as-usual), the 
difference between the group averages is seen as a direct expression of a causal "force" 
inherent in the intervention. The standard reasoning goes on by assuming that, if the effect 
force lies in the intervention itself, the effect applies to every single individual in the sample 
or group. Of course, the real, observed effect is a combination of the intrinsic effect of the 
intervention and the effects of a number of uncontrolled variables that apply to a particular 
individual. In short, the causal model underlying most of the educational research on 
interventions is that of a single causal factor - the intervention - having a direct effect on an 
individual, e.g.. a teacher or a student. In the preceding section, however, we have seen that 
the processes in which students and teachers are involved are complex networks of mutual 
causal influences, operating in an iterative and idiosyncratic fashion. In such networks of 
influences, characterized by intra-individual variability, the effect of a single variable cannot 
be meaningfully separated from others (see also the discussion on ergodicity and the 
difference between models based on intra- versus inter-individual variability). Viewed from 
this perspective, there exists a typical tension between the causal model of the researcher on 
the one hand, and the nature of the mutual and iterative causal processes in which educators 
- and students - are involved. 

Dynamic systems and investigating and understanding educational processes 

Applying the framework of complex dynamic systems and complexity to education is one 
(very important) thing, empirically investigating education from that perspective and 
building specific models and theories is another thing. We have claimed that communities of 
agents in education - educators, researchers, policymakers - create their own simplex 
systems, i.e., concerns, goals, tools, concepts, values, practices and so forth, in order to make 
understanding and achievement possible in the epistemically complex universe of education. 
As these communities are also in interaction with one another, their simplex systems become 
entangled with one another, without ever becoming unified. 

The scientific researcher in the field of education possesses various tools to contribute to 
simplifying the epistemic complexity of education, and to help construct the simplex systems 
of the communities of practitioners and policymakers. To begin with, the general theory of 
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complex dynamic systems is a theoretical simplex system that provides a very powerful 
conceptual framework for reducing the epistemic complexity of education, while retaining 
the focus on the properties that make education a complex system in a variety of ways. The 
notion of networks of interacting components, creating dynamic interchanges leading to self¬ 
organization and emergence is an important conceptual starting point, inspiring theory 
formation, empirical research and application. 

To begin with, we can use dynamic model building to create simulation environments in 
which we can study the consequences of the conceptual models that have been suggested to 
explain important educational phenomena (Van Geert, 2014). For instance, in our own 
research, we have built conceptual models of scaffolding, which typically involves reciprocal 
effects of teaching and learning (Van Geert & Steenbeek, 2005). In addition, research should 
explicitly focus on individual trajectories of learning and teaching, observed in naturalistic 
contexts and with a high observation frequency (examples from our lab are van der Steen, 
Steenbeek, Van Dijk & Van Geert, 2014; Meindertsma, van Dijk, Steenbeek & Van Geert, 
2014; Kupers, Van Dijk & Van Geert, 2014; Veenstra, van der Meulen & van Geert, 2012; and 
Steenbeek, Jansen & Van Geert, 2012; Van Dijk et al., 2013). Another line of research that is 
now becoming increasingly important focuses on the statistical structure of patterns of intra¬ 
individual variability, and to use such patterns to discover general properties of the 
underlying complex dynamic systems from which his variability originates (e.g., the 
cognitive and perceptual system of a beginning reader; Wijnants et al., 2014). Yet another line 
of research is to apply predictions based on very general system descriptions, for instance 
those provided by what was traditionally called catastrophe theory, to observations made in 
educational systems for instance (e.g., Stamovlasis, 2006). This research focuses on the 
occurrence of discontinuities in various kinds of educational processes, since discontinuities 
are typical phenomena occurring in a complex dynamic system such as education. 

In the end, what educational research should accomplish is to make a contribution to 
simplex systems that make the epistemically complex system of education tractable, 
understandable and manageable for the various communities involved in the process of 
education. Secondly, it is important to reduce potential tensions, by changing the 
communication within and between those communities in ways that does justice to the fact 
that education is indeed epistemically complex, but that it is complex in a way that allows for 
the emergence of simplex systems through which it may determine its future developments. 
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